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NOTATION 


ai  Tailplane  ciTectiveness  =  lCLTli<^T  =  iCirl^r 
02  Elevator  effectiveness  = 

b  Model  nominal  wingspan  =  11  -40  in  (289-56  mm) 

Cc  Cross  wind  force  coefficient  =  Cross  wind  force/Jpv*S 
Co  Drag  force  coefficient  =  Drag  force/Jpv*S 
Ci,  Lift  force  coefficient  =  Lift  force/Jpr^S 
CtT  Tailplane  lift  force  coefficient  =  Tailplane  lift  force/lpv*Sr 
Cx  Axial  force  coefficient  =  Axial  force/ipv*S 
CxB  Base  force  coefficient  =  (pb  —  P)SbIIpv^S 
Cy  Side  force  coefficient  =  Side  force/ 

Cx  Normal  force  coefficient  =  Normal  force/ Jpv*S 
Cl  Rolling  moment  coefficient  =  Rolling  moment  about  centre  of  gravity 
Cnt  Pitching  moment  coefficient  =  Pitching  moment  about  centre  of  gravity/ipv*Sc 
C,  Yawing  moment  coefficient  =  Yawing  moment  about  centre  of  gravity/i/>»>»S» 
c  Model  wing  chord  =  2-40  in.  (60-96  mm) 

I  Distance  from  model  centre  of  gravity  to  25%  tailplane  chord  =  5  -  78  in  (146  ■  8  mm) 

M  Free  stream  Mach  number 

p  Free  stream  static  pressure 

Pb  Model  base  pressure 

R  Reynolds  number  based  on  model  wing  chord 

S  Model  nominal  wing  area  =  27-36  in*  (17651  mm*) 

Sb  Model  base  area  =  0-83  in*  (535  -5  mm*) 

St  Model  nominal  tailplane  area  =  5  -  265  in*  (3396  mm*) 

V  Tail  volume  ratio  =  StIISc  —  0-463 

V  Free  stream  velocity 

a  Angle  of  incidence:  the  angle  between  the  wind  vector  and  its  projection  in 
the  chordal  plane. 

Oil  Alternative  angle  of  incidence:  the  angle  between  the  model  axis  and  the  projection 
of  the  wind  vector  on  the  model  plane  of  symmetry. 

oir  Tailplane  angle  of  incidence. 

P  Angle  of  sideslip:  the  angle  between  the  wind  vector  and  its  projection  on  the 
model  plane  of  symmetry. 

ri  Elevator  angle  with  respect  to  tail  plane  chord. 

^  Elevator  angle  to  trim  (Cm  =  0) 


i}T  Tailplane  angle  with  respect  to  fuselage  reference  line. 

Tailplane  angle  to  trim  (Cm  =  0) 
p  Free  stream  density. 

^  Model  roll  angle. 

Notes: 

(i)  See  Figure  1  for  sign  conventions  for  forces  and  moments  and  attitude  angles. 

(ii)  The  nominal  aircraft  centre  of  gravity  was  taken  to  be  located  at  0-2  c  and  0- 1 12S  in. 
(2-8575  mm)  (model  scale)  below  the  fuselage  reference  line. 

(iii)  Since  the  full  scale  aircraft  and  the  model  were  both  manufactured  before  the  intro¬ 
duction  of  5/  units,  all  dimensions  have  been  expressed  in  feet  and  inches,  with  the 
equivalent  S/  unit  following  in  brackets  where  appropriate. 


1.  INTRODUCTION 

In  1976  a  decision  was  made  to  update  the  data  available  from  wind  tunnel  tests  covering 
the  high  speed  flight  envelope  of  the  Jindivik  target  aircraft.  This  update  became  necessary 
because  of  the  considerable  changes  to  the  basic  aircraft  configuration,  which  had  occurred 
since  the  last  major  series  of  tests  in  the  period  1956  to  I96S.>~*  These  included  changes  to  control 
surfaces,  pods  and  pod  fins,  and  to  payloads  carried.  A  new  test  programme  was  therefore 
implemented  on  an  existing  I /20th  scale  complete  model  of  the  Jindivik  which  had  been  modified 
to  reflect  the  current  full  scale  aircraft  configuration.  These  tests'^*  covered  the  lateral  and  longi¬ 
tudinal  stability  of  the  aircraft  and  the  effect  on  stability  of  various  combinations  of  Tonic 
towed  targets  and  their  mounting  beams. 

The  present  tests  complement  and  extend  the  1976  tests,  being  concerned  with  tailplane 
and  elevator  effectiveness.  The  only  previous  similar  tests  were  performed  in  19622'3  and  were 
made  using  a  half  model  of  the  aircraft.  Since  that  time  however,  the  tailplane  and  elevator 
chords  have  been  increased  so  that  none  of  the  available  data  is  pertinent  to  the  current 
aircraft  configuration. 

The  present  tests  were  conducted  in  the  transonic  wind  tunnel  of  the  Aeronautical  Research 
Laboratories  during  July  and  August  1979. 


2.  TEST  DETAILS 
2.1  Model 

The  model  used  for  these  tests  was  a  I /20th  scale  complete  metal  model  of  the  Jindivik 
aircraft  modified  to  reflect  the  Mk.203B  version  of  the  full-scale  aircraft.  The  major  features 
of  the  configuration  are  as  follows:  short  wing  with  Mk.8  fuel  pods  (with  fins),  nominal  +1° 
twisted  flap,  fixed  aileron  drooped  at  +  }|°.  No  intake  ducting  was  represented  and  an  unfaired 
landing  skid  was  represented  in  the  stowed  position.  The  major  dimensions  of  the  model  and 
full-scale  aircraft  are  given  in  Table  I.  A  sketch  of  the  aircraft  is  presented  in  Figure  2  and 
a  photograph  of  the  model  in  Figure  3. 

Due  to  the  small  size  of  the  model,  the  elevator  could  not  be  hinged  and  changes  to  tailplane 
angle  (iir)  and  elevator  angle  (r/)  were  obtained  by  removing  the  tailplane  from  its  mounting 
block  and  remounting  at  the  desired  angle.  Several  tailplanes  were  available  and  the  required 
elevator  angles  were  obtained  by  bending  at  the  elevator  hinge  line. 

Owing  to  the  low  Reynolds  number  of  the  tests  (approximately  0-45  x  10*),  boundary 
layer  transition  was  fixed  on  all  windswept  surfaces  by  bands  of  distributed  roughness.  These 
roughness  bands  were  placed  on  the  upper  and  lower  surfaces  of  the  wing  and  tailplane,  on 
both  sides  of  the  fin  and  pod  fins,  and  on  the  pods  and  fuselage.  They  consisted  of  approximately 
3  mm  wide  bands  of  carborundum  particles,  with  a  particle  diameter  of  0  - 1 S  mm  and  a  coverage 
of  10-20",,. 


2.2  Wind  Tnanel 

The  tests  were  conducted  in  the  transonic  wind  tunnel  of  these  laboratories.  The  nominal 
dimensions  of  the  test  section  are  0-81  m  by  0-53  m.  For  these  tests,  all  test  section  walls  were 
longitudinally  slotted  (see  Fig.  4)  with  an  open  area  ratio  at  the  model  location  of  10-5%. 

The  maximum  frontal  cross-sectional  area  of  the  model  at  zero  incidence  was  S-36in.* 
(3458  mm^l  giving  a  blockage  ratio  of  O^fo.  and  since  the  ranges  of  angle  of  incidence  and 
Mach  number  of  the  tests  were  limited,  no  tunnel  interference  corrections  were  applied  to  the 
results. 
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Mach  number  and  dynamic  pressure  were  derived  from  measurements  of  the  static  pressure 
in  the  plenum  chamber  surrounding  the  test  section  and  of  the  static  pressure  in  the  contraction 
entry,  assuming  these  to  be  the  static  and  total  pressures  respectively  of  the  test  section  flow. 


2.3  Test  Programme 

Six-component  force  and  moment  coefficients  were  measured  for  a  range  of  Mach  number 
0-50<M<0-90  in  eight  steps.  The  tests  covered  seven  tailplane  angles  in  the  range 
— 2J°  ^  i/T  <  3i°  (for  —3°  ^  a  <  7°,  /S  =  0°,  1}  =  0°)  and  six  elevator  angles  in  the  range 
— 15°  ^  ij  <  10°  (for  0°  <  «  <  6°,  ;8  =  0,  ijT  =  i°).  In  addition  tests  were  conducted  with  the 
tailplane  removed  for  — 3°  <  «  <  7°  (/8  =  0°)  at  Mach  numbers  of  0  •  5, 0  •  8  and  0  •  9.  Throughout 
the  tests,  model  altitude  was  corrected  for  sting  and  balance  deflection  under  load. 

Test  results  are  tabulated  in  Tables  2,  3  and  4.  Tailplane  and  elevator  angles  referred  to 
in  these  tabulations  and  elsewhere  in  this  report  are  nominal  angles;  the  corresponding  measured 
angles  are  given  below. 
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Measurement  accuracy  for  the  above  angles  was  ±0-02°  for  and  i0-05°  for 
For  all  tests,  the  Reynolds  number  (based  on  wing  chord)  was  kept  approximately  con¬ 
stant  at  0  45i0  03  x  I0«  by  varying  tunnel  pressure. 


3.  RESULTS  AND  DISCUSSION 

The  data  are  plotted  in  the  form  of  lift  coefficient  versus  angle  of  incidence  in  Figure  5  for 
the  various  nominal  tailplane  angles,  in  Figure  6  for  the  various  nominal  elevator  angles  and  in 
Figure  7  for  the  case  with  the  tailplane  removed.  From  Figures  5  and  6  it  is  seen  that  as  expected 
the  effect  of  variations  of  tailplane  and  elevator  angles  on  the  overall  lift  coefficient  is  small. 

In  Figure  8  pitching  moment  coefficient  is  plotted  against  angle  of  incidence  for  the  various 
tailplane  angles.  For  the  current  standard  tailplane  setting  (^r  =  —  J°.  7  =  0°)  the  aircraft  is 
seen  to  be  stable  for  all  Mach  numbers  tested  for  angles  of  incidence  less  than  about  7°,  apart 
from  an  area  around  a  =  6°  for  Af  =  0-80.  The  aircraft  is  also  seen  to  be  stable  at  all  other 
values  of  tailplane  angle  tested  except  for  a  region  of  instability  at  Mach  numbers  greater  than 
0-86  and  angles  of  incidence  greater  than  7°  for  a  tailplane  angle  of  3i°. 

The  same  variables  are  plotted  in  Figure  9  for  the  various  elevator  angles.  Once  again 
the  curves  show  general  stability  throughout  the  tested  range  except  at  an  elevator  angle  of  10° 
where  instability  occurs  for  Mach  numbers  greater  than  0-80  and  angles  of  incidence  greater 
than  about  2°.  This  unstable  area  extends  into  the  data  for  an  elevator  angle  of  5°  but  is  limited 
to  higher  Mach  numbers  and  angles  of  incidence. 

Figure  10  presents  the  same  variables  for  the  case  with  the  tailplane  removed.  As  found 
in  previous  tests'",  the  aircraft  without  tailplane  is  generally  unstable,  but  with  an  area  of  stability 
at  A/  =  0-9  at  low  incidence. 

The  variation  of  pitching  moment  coefficient  with  tailplane  angle  is  presented  in  Figure  1 1 
for  constant  angles  of  incidence  («  =  0°,  2°,  4°).  The  curves  are  seen  to  be  generally  linear 
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except  at  Mach  numbers  greater  than  0-84  for  positive  values  of  rjT.  There  is  also  evidence 
of  tailplane  stalling  at  Mach  numbers  above  0-86  for  a  =  4°. 

Figure  12  presents  the  variation  of  pitching  moment  coefficient  with  elevator  angle.  Once 
again  the  curves  are  generally  linear  at  least  for  small  elevator  deflections  {  — 10°  <  ij  <  5°). 
Tailplane  stalling  is  evident  for  Mach  number  greater  than  0-7  at  large  negative  elevator  angles 
(i;  <  —10°)  for  all  incidences,  and  becoming  increasingly  evident  at  higher  Mach  numbers  and 
positive  elevator  angles  as  incidence  increases. 

From  Figures  1 1  and  12,  values  of  tailplane  angle  and  elevator  angle  to  trim  were  obtained 
from  the  intersection  of  the  curves  with  the  horizontal  axis  (Cm  =  0).  These  values  are  plotted 
against  Mach  number  in  Figures  13  and  14,  for  different  values  of  incidence.  It  may  be  seen 
that  as  the  Mach  number  approaches  0-8  the  angle  required  for  both  elevator  and  tailplane  to 
trim  out  the  pitching  moment  increases  rapidly.  However  for  angles  of  incidence  up  to  4°,  an 
r)T  of  —4°  is  sufficient  to  trim  out  the  pitching  moment  up  to  a  Mach  number  of  0-9,  or  for 
VT  —  J°,  an  elevator  angle  of  —9°  is  sufficient. 

Values  of  tailplane  and  elevator  elTectiveness  have  also  been  obtained  from  Figures  1 1  and 
12  from  the  relationships: 

SCtT _  SCtr 

Sar  in)T 

<5Cm  I 
V 

t)CLT 
it) 

aCm  I 
sV  V 

where  V  is  the  tail  volume  ratio  (St//Sc). 

In  both  cases,  the  slopes  of  the  pitching  moment  curves  have  been  obtained  from  the  linear 
portions  of  the  curves  of  Figures  II  and  12.  Values  of  tailplane  and  elevator  effectiveness  are 
plotted  against  Mach  number  in  Figures  IS  and  16. 


and 


oi  = 


a-i 


4.  CONCLUSIONS 

Transonic  wind  tunnel  tests  have  been  carried  out  on  a  I /20th  scale  complete  model  Jindivik 
203B  to  determine  tailplane  and  elevator  effectiveness.  The  tests  covered  tailplane  angles  between 
— 2i°  and  3J°  and  elevator  angles  between  —15°  and  10°  for  Mach  numbers  from  0-5  to  0-9. 

The  tests  indicates  that  the  aircraft  is  generally  stable  throughout  the  range  of  tailplane 
and  elevator  angles  tested,  although  several  small  areas  of  instability  were  discovered  and  have 
been  noted. 

Curves  of  tailplane  and  elevator  effectiveness  and  tailplane  and  elevator  angles  to  trim 
have  been  extracted  from  the  data.  The  latter  curves  indicate  that  both  tailplane  and  elevator 
angle  to  trim  increase  rapidly  above  a  Mach  number  of  0-75.  The  present  elevator  size  should 
however  be  sufficient  to  trim  the  aircraft  for  Mach  numbers  up  to  0-9. 
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TABLE  1 

DiBMMkiw  of  Model  ud  FnU  Scak  Aircraft 


Model  Scale  j  Full  Scale 


Wing  1 

1 

Chord 

2 -40  in. 

48-00  in. 

Span  (nominal) 

1 1  -40  in. 

228 -00  in. 

To  centreline  of  pods 

11 -82  in. 

236-48  in. 

Gross  wing  area 

27 -36  in.* 

76-0  ft.* 

Wing  section 

1  NACA  64-106  (modified) 

Aspect  ratio 

4-75 

Taper  ratio 

1  1-0 

Leading  edge  sweep 

( 

a° 

Trailing  edge  sweep 

( 

3° 

Dihedral 

. 

5° 

Incidence  relative  to  F.R.L. 

l-( 

D° 

(2)  Flaps 
Chord 

Span  (per  side) 

Area  (per  side) 

Distance  from  inboard  end  to  aircraft  datum 
Neutral  (  Inboard 
Setting  [  Outboard 
Nominal  setting 

(3)  Ailerons 
Chord 

Span  (per  side) 

Area  (per  side) 

Distance  from  inboard  end  to  aircraft  datum 
Neutral  setting 

(4)  Mk.8  Pods 
Overall  length 
Diameter 

Distance  from  pod  centreline  to  F.R.L. 
Distance  from  pod  nose  to  25%  wing  chord 

(5)  Pod  Fins 

Distance  from  pod  nose  to  fin  trailing  edge 
Root  chord 
Tip  chord 

Maximum  height  above  pod  centreline 
Angle  between  fin  and  F.R.L. 

Aerofoil  section 

(6)  Tailplane 
Chord 
Span 

Gross  area 
Aspect  ratio 
Taper  ratio 

Sweep  at  quarter  chord 
Incidence  relative  to  F.R.L. 

Aerofoil  section 


0-60  in. 

!  12-00  in. 

3-45  in. 

68  -95  in. 

2-07  in.*  i 

827-4  in.' 

0-79  in. 

15-75  in. 

+: 

2° 

1 

0° 

+ 

1° 

0-60  in.  1 

12 -00  in. 

1-35  in. 

27-00  in. 

0-81  in.* 

324-0  in.' 

4-25  in. 

84-96  in. 

( 

1 

3° 

7-22  in. 

144-33  in. 

0-625  in.  ! 

I  l2-50in. 

5-91  in. 

i  118-24  in. 

3-70  in. 

1 

1  74-09  in. 

6-25  in. 

125-00  in. 

1  -20  in. 

24-00  in. 

0-60  in. 

12-00  in. 

0-91  in. 

18-25  in. 

25° 

NACA  64-008  (modified) 


1-35  in. 

3 -90  in. 
5-265  in.2 


27-00  in. 
78-00  in. 
2106-0  in.* 


89 

0 

0° 


-r 


-0°27' 


NACA  64-006 


TABLE  1  {Continued) 


Main  Dimensions  of  Model  and  Full  Scale  Aircraft 


j  N!odel  Scale 

Full  Scale 

(7)  Elevators 

Chord 

0-45  in. 

9  -00  in. 

Span  (per  side) 

1  -63  in. 

32-64  in. 

Area  (per  side) 

0-73  in.2 

293-4  in.2 

Distance  from  inboard  end  to  F.R.L. 

0-28  in. 

5  -55  in. 

(8)  Fin 

Maximum  height  above  F.R.L. 

2-64  in. 

52 -80  in. 

Gross  area  above  tailplane  chord 

2  -35  in.2 

938-9  in.2 

Sweep  back  of  leading  edge 

14 

Swwep  back  of  trailing  edge 

r 

Tip  chord 

1  -20  in. 

24-00  in. 

Root  chord 

1  -60  in. 

32 -00  in. 

Aerofoil  section 

NACA  64-006  (modified) 

(9)  Fuselage 

Overall  length  (excluding  pitot  probe) 

13-99  in. 

279  -75  in. 

Maximum  height  excluding  skid  beam 

1  -90  in. 

38  -04  in. 

Maximum  width 

1  -65  in. 

33  -00  in. 

Distance  of  25"„  wing  chord  aft  of  STN  ‘O' 

6-61  in. 

132  -25  in. 

Distance  of  25",,  wing  chord  below  F.R.L. 

0-41  in. 

8  -25  in. 

Distance  of  25"„  tailplane  chord  aft  of  STN  ‘O’ 

12-27  in. 

245  -45  in. 

Distance  of  25"„  tailplane  chord  above  F.R.L. 

0-86  in. 

17 -24  in. 

Distance  of  fin  trailing  edge  aft  of  STN  ‘O' 

13-I7in. 

263  -37  in. 

The  following  notatioa  refers  to  the  computer  generated  data  listingK  in 
Tables  2-4.  Where  appropriate,  the  corresponding  notation  from  the  main 
body  of  the  note  is  also  included 


1 

Table  2  i 

Notation  j 

Main  Body 
Notation 

Explanation 

SER  j 

_ 

Serial  number 

REYN  ; 

R 

Reynold's  number 

MACH 

M 

Free  stream  Mach  number 

INCID.  1 

a 

Angle  of  incidence 

LIFT. 

Cl 

Lift  coefficient 

PITCH 

Pitching  moment  coefficient 

DRAG 

Cd 

Drag  force  coefficient 

NORMAL 

C: 

Normal  force  coefficient 

AXIAL 

C.V 

Axial  force  coefficient 

CLSQ. 

Cl^ 

Lift  coefficient  squared 

BASE  1 

C.\H 

Base  force  coefficient 

AINC  i 

Alternative  angle  of  incidence 

SLIP 

/S 

Angle  of  sideslip 

CROSS 

Cr 

Cross  wind  force  coefficient 

YAW  M.  ' 

c„ 

Yawing  moment  coefficient 

ROLL  M. 

c, 

Rolling  moment  coefficient 

RANG 

<!> 

Roll  angle 

SIDE  F  i 

1 

Cr 

Side  force  coefficient 

INDEX  TO  TABLES  2,  3  uid  4 
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G.  2  SKETCH  OF  MODEL 


FIG.  4  DETAILS  OF  SLOTTED  TEST  SECTION 
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FIGURE  6(0) 

VRRIflTION  OF  LIFT  COEFFICIENT  WITH  INCIDENCE, 
0.5  =  1 0 
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FIGURE  6lcl 

VfifllRTION  OF  LIFT  COEFFICIENT  HITH  INCIDENCE. 
=  0 . 5  =  0 
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FIGURE  Btd) 

VARIATION  OF  LIFT  COEFFICIENT  WITH  INCIDENCE. 
0.5  =  - 5 
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FIGURE  6lt ) 

vrrihtion  of  lift  coefficient  hith  incidence. 
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FIGURE  7 

VRRIRTION  OF  LIFT  COEFFICIENT  WITH  INCIDENCE. 
TAIL  PLANE  OFF. 
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FIGURE  9lf) 

VRRIRTION  OF  PITCHING  MOMENT  COEFFICIENT  WITH  INCIDENCE. 

0.5  =  -15 
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FIG.  14  VARIATION  OF  ELEVATOR  ANGLE  TO  TRIM  WITH  MACH  NUMBER?/t  = 


FIG.  15  VARIATI 
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